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1 .
CEPHALOSPORIN QUINOLINIUM BETAINES

BACKGROUND OF THE INVENTION

This invention relates to semi- synthetlc cephalospo-
rin antibiotic compounds. In particular, it relates to
cephalosporin compounds wherein the cephalosporin |
bicyclic nucleus is substituted in the ¥'-position with a
substituted quinolinium group and in the 7-position with
a 2-heterocyclic-2-oximinoacetamido group.

Cephalosporin compounds substituted in the 3'-'13031-'.

tion with a quaternary ammonium group have been =

known for some time. .For example, oephaIOSporm CA
(pyndmo) was one of the first derivatives of cephalo-

ham, Biochem. J., 79, 403 (1961). -
Cephaloridine, the well-known clinical antibiotic, is = .
the 3'-pyridinium cephalosporin, 1(a-
thienylacetamido)-3-(pyridinium-1-ylmethyl)-3- coph-
em-4-carboxylate. Recently, Heymes et al.,, U.S. Pat.
No. 4,152,432, described semi-synthetic cephaloSporln
antibiotics wherein the 7-position side chain is a 7-[2-(2-
(aminothiazol-4-yl)-2-alkoxyiminoacetamido]  group ,s
and the 3-position substituent is acetoxymethyl. More -
recently, O’Callaghan, et al., in U.S. Pat. No. 4,258,041,
- describe [2 (2- aminothiazole-4-y1)-2-
oximinoacetamido]-3- (pyrlclmlum-l -ylmethyl)-3-ceph-
em-4-carboxylate antibiotics, and the oorrospondmg
compounds wherein the pyridinium group in tho 3’
position is substituted with a carbamoyl group.

Because of the continuing need for improved antibi-

otic therapy in clinical practice, the'search continues for -
broad spectrum antibiotics with greater potency and ,
‘minimal toxicity. The semi-synthetic cepha]oSporin
antibiotics long have been recognized as broad spec-
trum antibiotics, and several have achieved clinical
_ importance. Continued research with the cephalosporin
antibiotics has centered of late on the development of ,,
antibiotics having higher activity against certain gram-
negative microorganisms such as pseudomonas and

those which produce 8- lactamase destruotwe of B-lac-
tam antibiotics. | -

SUMMARY

Broad spectrum cephalosporin antibiotics repre-

sented by the following structural formula are prowded
by this invention. | |

50

CH,—R?

CQO0®

~ Inthe above formula R is hydrogen or a 2-(heterocy-

clic)-2-oximinoacetyl group and RO represents a substi- 60
- tuted quinolinium group. For example 7-[2-(2-amino-
thiazol-4-y1)-2-methoxyiminoacetamido]-3-(4-

‘aminoquinolinium-1-ylmethyl)-3-cephem-4-carboxylate
~is a highly active antibiotic useful for combatting infec-
tions caused by gram-negative and gram-positive mi- 65
croorganisms pathogenic to man-and animais. |

The compounds of the invention are preferably pre-
pared by the reaction of a 3-iodomethyl cephalosporin

~sporin C prepared by Abraham et al. following the b
discovery of cephalosporin C, Hale, Newton, and Abra- o
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having the 7-position acyl side chain of the compounds
of the invention with a substituted quinoline.

Pharmaceutical compositions comprising a com-
pound of the invention are provided as well as a method
for the treatment of infectious diseases.

DETAILED DESCRIPTION

The antibiotic compounds of the invention are repre-

y sented by the following formula 1.
10 | |

;  C00@-

whereln Ris hydrogen, formyl, or an acyl group repre-

‘sented by tho formula

|
R'—C—C=—

N
. O_R.”

wherein R’ is a 5-or 6-membered heterooychc ring

- representod by the formulas

*_1 L

HoN

R" is hydrogen, Ci-Cs alkyl, a carboxy-substituted
alkyl or carboxy-substituted cycloalkyl group repre-

sented by the formula
55

d

-
e(':—-(CHg),,—COR***

b

wherein n is 0-3, a and b when taken separately are
independently hydrogen or C1-Cj3 alkyl, or when
taken together with the carbon to which they are
“attached form a C3-C7 carbocyclic ring; R is hy-
droxy, Ci -C4 alkoxy, amino, and when R™ is hy-
- droxy a oarboxy-protectmg group;

“ or R is a carbamoyl group represented by the formula
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O
|
—C—NHR""

wherein R"" 1s C|-C4 alkyl, phenyl or C1-Cs alkyl"

substituted by phenyl; . .
R and R independently are hydrogen amino, C1-C-

salkylamino, di-(C1-Cy)alkylamino, hydroxy,  C-C-
salkoxy, halogen, C1-C4 alkyl, cyano, trifluoromethyl,
sulfo(—SO3H), aminosulfonyl (—SO;NH3), carboxy,
C1~C4 alkoxycarbonyl, carbamoyl, thiocarbamoyl, hy-
droxy-substituted C;~Cialkyl, formyl, or Cy~Caalkan-
oyl; provided that one of R;and Ry is other than hydro-
gen; and the pharmaceutlcally acceptable non-toxic
salts thereof. o
In the above formula 1 the term, C1-Cs4 alkyl, refers
to methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-
butyl, and like lower alkyl radicals; C1-Cj; alkyl substi-
tuted by phenyl, refers to benzyl, 2-phenethyl, 3-
phenylpropyl, 2-phenylpropyl and the like; C;~Caalk-
ylamino refers to methylamino, ‘-ethylamino, n-
propylamino, n-butylamino, iso-propylamino, and like
mono lower alkyl amino groups; di(C;~Casalkyl) amino
refers to dimethylamino, diethylamino, methyle-
thylamino, di(n-butyl)amino, di-(n-propyl)amino, and
the like; Cy-C4 alkoxy refers to methoxy, ethoxy, n-
propoxy, 1So-propoxy, n-butoxy, t-butoxy, and the like;
C1-C4 alkoxycarbonyl refers to methoxycarbonyl,
~ ethoxycarbonyl, isopropoxycarbonyl, t-butoxycarbo-
nyl, and the like; and examples of C;-Csalkanoyl
-groups, include acetyl, propionyl, butyryl, and the like.
Examples of carbamoyl groups represented by R” in
the formula 1 are N-methylcarbamoyl, N-ethylcarbam-
oyl, N-phenylcarbamoyl, N-benzylcarbamoyl and N-
- (2-phenylethyl)carbamoyl. |
Examples of carboxy-substituted alky] and cycloa]kyl
groups represented by R” in formula 1 wherein R is
hydroxy are carboxymethyl, 2-carboxyethyl, 3-carbox-

ypropyl, 2-carboxyprop-2-yl, 2-carboxyprop-1-yl, 1-
carboxyethyl, I-carboxycycloprop-1-yl, l-carboxycy-
clobut-1-yl, 1l-carboxycyclopent-1-yl, 1-carboxycy-

clohex-1-yl, -1-carboxymethylcyclobut-1-yl, 1-(3-car-
boxypropyl)cyclopent-1-yl, and the like; and when R
Is amino, examples of such carboxamido-substituted

10:
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alkyl and cycloalkyl groups are the primary amides of 43

the carboxy-substituted alkyl and carboxy substituted
cycloalkyl groups named above.

Examples of C;~C4 alkyl esters of the carboxy sub-
stituted alkyl and cycloalkyl groups represented when
R™ 18 C-C4 alkoxy are methoxycarbonylmethyl,
ethoxycarbonylmethyl, 1Isopropoxycarbonylmethyl,
ethoxycarbonylethyl, 2-ethoxycarbonylprop-2-yl, 1-
‘methoxycarbonylcyclobut-1-yl, 1-methoxycarbonylme-
thylcyclopent-1-yl, 1- ethoxycarbonylcyclohex 1-vy1,
and like alkyl and cycloalkyl esters.

When R in the formula 1 is a carboxy-protecting
group, the compounds represented are esters of the
compounds wherein R™ 1s hydroxy. Such carboxy-
protecting ester groups include those readily removable
ester groups commonly used in the 8-lactam art for the
temporary protection of the carboxy group. Examples
of such R" groups are ‘t-butyloxy, 2,2,2-trichloroe-
thoxy, 2-iodomethoxy, benzyloxy, diphenylmethoxy,
p-nitrobenzyloxy, p-methoxybenzyloxy, and trialkyl-
siyloxy groups such as trlmethylsﬂyloxy, and llke
groups. | S | o

The substituted qumohmum group in the 3 -pOSlthH
of the compounds of the invention (formula 1) is exem-
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pllﬁed by the followmg amino-substituted quinolinium
groups. ©  such “-as - 3-aminoquinolinium, 4-
ammoqumolmlum J-aminoquinolinium, 3,6-

diaminoquinolinium, 4-amino-8- -methylquinolinium, 3-
methoxy-3S-aminoquinolinium,
cyanoquinolinium, 4-amino-6-acetylquinolinium, - 3-
amino-8-sulfoquinolinium; = 4-amino-5-trifluoromethyl-
quinolinium, 3-chloro-5-aminoquinolinium, and the like:
Ci-Cyalkyl and di(Ci-Cg4alkyl)amino-substituted quiin-
olinium groups ‘such as 3-methylammoqumohmum, 3-
dimethylaminoquinolinium, | 0 S-die-
thylaminoquinolinium, 3- ethyl 5~
ethylammoqumolmlum 3- ethyl 5- di(n-propyl-
)aminoquinolinium, - 6-chloro-3-n-
butylammoqumohnmm, " 6- bromo-4-dime-

thylaminoquinolinium, and the llke hydroxy-sub-—.r
stituted | quinolinium groups such as  3-hydrox-
yqumohmum 5-hydroxyquinolinium, = 3- hydroxy 5-

cyanoqumolmlum, 4-hydroxy-6- ammoqumolmlum 3-
methyl-5-hydroxyquinolinium,, 4-carbamoyl-8-hydrox-
yquinolinium, and the like; C|-C4 alkoxy-substituted
quinolinium: groups such as 3-methoxyquinolinium, 8-
ethoxyquinolinium, 7-isopropoexyquinolinium, 3-chloro-
>-methoxyquinolintum, and.the like; halogquinolinium
groups - such. as. 4-chloroquinolinium, 3-methyl-4-
chloroquinolinium, . 5-bromoquinolinium, - 3,7
dichloroquinolinium, ‘3-hydroxy- d-chloroquinolinium,
3-cyano-5-bromoquinolinium, ©  4-carbamoyl-5-
chloroquinolinium, and the like; cyanoquinolinium
groups such - as 3-cyanoquinolinium, 3- ethy] 6-
cyanoqumohmum, 4-chloro-6- cyanoqulnollnlum 5-
cyanoqmnollmum ' 3-chloro-5-cyanoquinolinium, ~ 3-
amino- 5-cyanoqu1nolm1um, and the like; trifluoro-
methyl and alkyl-substituted quinolinium groups such as

3-trifluoromethylquinolinium, .,  5-trifluoromethyl-
quinolinium, 8- trlfluoromethquumohmum, 3-methyl-4-
trlﬂuoromethy]qulnolmmm 4-chloro-6-trifluorome-
thqumnohmum, . ~ .. 4-cyano-6-trifluoromethyl-
quinolinium, . 3-c,arboxy 5 -trifluoromethylquinolinium
4-t- butquumohmurn 3-methylquinolinium, 6-n-propyl-
quinolinium, and the like; formyl and Cg—C_4 alkanoyl
substituted quinolinium  groups such as 3-formyl-
quinolinium, 3-acetylquinolinium, 4-formylquinolinium,
4-formyl-6-chloroquinolinium, 3-methoxy-6-acetyl-
quinolinium, “5-butyrylquinolinium, 8-cyano-S-acetyl-
quinolinium, and the like; carbamoyl and thiocarbam-
oyl-substituted quinolinium groups such as 4-car-
bamoylquinolinium, 4-thiocarbamoylquinolinium, 5-
carbamoylquinolinium, - ‘3-carbamoyl-5-hydrox-
yquinolinium, 8-chloro-4- carbamoquumolmlum 3-tri-
fluoromethyl-5-carbamoylquinolinium,  3-methyl-5-thi-
ocarbamoylquinolinium, -6-carbamoyl-3-ethyl-
quinolinium, and the like; and sulfo, sulfonamido, hy-
droxy-C;-C3 alkyl, and carboxy-substituted quinolin-

lum groups such as S-Sulfoqumollmum_ 4-sul-
foquinolinium,  3- hydroxymethquumolmmm  4-sul-
fonamldoqumolmlum, " 3-methyl- 5-3ulfoqmnolm1um |

4- carboxyqumollmum 6-carb0xyqu1nolmmm 4.chloro-
6- carboxyqumollmum 3-ac:etyl 5-carboxyqu1n011n1um_
6-fluoro-3- sulfonamldoqumollmum 6-(2- hydroxye-
thyl) 3-methylquinolinium, .and llke mono- and di-sub-

stituted quinolinium. groups.

-'The. compounds of .the. invention wherein R In for-
mula 1.s an acyl group.of the formula |

3-amino-7-
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-continued
o
S
R—Ce(C—
]l
N o
N
O_Ru |

and R’ is 2-aminothiazol-4-yl, 5. ammmsethiazol-B yl
S-amino-1,2,4-thiadiazol-3-yl, - 3-aminopyrazol- 5-yl,
pyrazol-5-yl, 3-aminopyrimidin-5- yl 4-aminopyrimidin-

2-yl, or 2-aminopyridin-6-yl, inhibit the growth of mi-

croorgamsms pathogenic to man and animals. These
compounds are broad spectrum antibiotics. which are
useful in the treatment of infectious diseases.

The term “oximino” is used herein for convenience in
designating the oxime and substlmted ommes repre—
sented by the group

in the formula 1.
The compounds of the formula 1 wherein R is hydro-
gen or formyl are useful intermediates which can be

used in the preparation of the 7-acyl compounds of
formula 1 as described hereinafter.

The compounds of the formula 1 whereiri R iS an :eicyl

group as defined can be prepared by alternative meth-

ods. According to a preferred method for preparing the
7-acyl compounds
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a 7-acylamino-3-acetoxymethyl

cephalosporin, wherein the 7-acyl group is as defined

for the formula 1, is converted to a 3- halomethyl deriva-
tive and the 3-halomethyl derivative is reacted with a

substituted quinoline to obtain a compound of the in--
vention. The method of preparatlon 1S lllustrated by the

following reaction scheme.

R’ “ﬁ—C“-NH—[_—‘(
N N

O_Rfl O

. CHy=X

COOR;

lsubstituted quinoline

J/depmtect .

50
55
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In the above formulas, R’, R”, Rl and R? have the
same meanings as defined hereinabove, X is chloro,
bromo, or iodo, and Rj3is a carboxy-protecting group.
The amino group of the amino-substituted heterocyclic
R’ also may be protected during the reaction and is
desirably protected during the'-preparation of the 3-
halomethy! derivative. The amino-protecting group can
be a conventional protecting group such as trityl, an
alkoxycarbonyl or aryloxycarbonyl group eg., t-
butyloxycarbonyl, t-amyloxycarbonyl, 2,2,2-trichloroe-
thoxycarbonyl, benzyloxycarbonyl, p-nitrobenzylox-
ycarbonyl, or like protecting group; or a trialkylsilyl
protecting group.such as trimethylsilyl. The carboxy-
protecting group, R3, can be a readily removable ester
group, such as is described hereinabove for the term
R". Pfeferably R3isa trialky_leilyl group eg., trimethyl-
silyl.

The preferred method for preparing the compounds
of the invention comprises the use of a 7-acylamino-3-
iodomethyl derlvatwe wherein the carboxy and amino
groups are protected by silylation such as with a lower
trialkylsilyl group, preferably trimethylsilyl. In carry-
ing out the preparatzon of a compound of the invention
by the preferred method the 7-acylam1no—3-aeetox-:
ymethy] 3- eephem-4-carb<}xylle acid is first silylated to
block the reactive carboxyl and amino functional
groups present in the molecule. The silylation is carried
out with one of the commonly employed silylating
agents, for example, mono- or bls—trlmethylsﬂylaceta- |
mide or, preferably, Wlth N-trimethylsilyltri-
fluoroacetamide. The silylation is carried out in an inert
solvent such as a halogenated hydrocarbon solvent, for
example, ‘methylene chloride, chloroform, chloroeth-
ane, or other inert organic ‘solvent such as acetonitrile
or proplomtrlle The sﬂylated derlvatlve is then allowed
to react with tr;methyls:lyllodlde (TMSI) to form the
corresponding 3-iodomethyl silylated derivative, The.
reaction mixture containing the silylated 3-iodomethyl
derivative is evaporated to remove the solvent, and the
concentrate is dissolved in acetemtrlle and is treated
with a sllght excess of tetrahydrefuran to degrade any
excess TMSI. To this solution is then added the substi-
tuted quinoline to form a compound of formula 1 as the
silylated derivative. Upon the addition of water, the
silyl derivative is hydrolyzed to form a- compound of
the mventlon

The following reaction scheme lllustrates the prepa-—
ration of the compounds of the invention.
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|
CH;—O—C—CH3

{
R'—ﬁ-—-C-—NHT(
N N

\ 4
o

O--R"

COOH

(1) silylation
(2) TMSI

CH>—1

COO—S1(CH3)3

(1) substituted quinoline
(2) hydrolysis

O S
{
R (ﬁl—C-NHT(
N N
\ /4
O_Ru 0
CO0P©

Rg-l

The preparation of the 3-iodomethylcephalosporin
intermediate is carried out according to the process
described by Bonjouklian in U.S. Pat. No. 4,266,049,
issued May 8, 1981. In carrying out the preparation of
the 3-iodomethylcephalosporin, other trialkylsilyl io-
dides may be employed as described by Bonjouklian.
Trimethylsilyl iodide is the preferred reagent and 1is
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used to illustrate the preparation of the compounds

herein.

In an example of the preparation of a compound of

the invention, syn-7-[2-(2-aminothiazol-4-yl)-2-methox-
yiminoacetamido]-3-acetoxymethyl-3-cephem-4-car-

boxylic acid is suspended in an inert organic solvent
such as chloroform and is silylated by employing N-
methyl-N-trimethylsilyltrifluoroacetamide. A complete
solution is obtained upon silylation. To the solution 1s

then added trimethylsilyl iodide in at least a stoichio-

metric amount and, preferably, 2 to 3 times the stoichio-
metric amount. The mixture is stirred to assure com-
plete formation of the 3-iodomethyl derivative. The
3-iodomethyl derivative need not be isolated and, pref-
erably, is used as the silylated derivative in the next step
of the reaction. Accordingly, the reaction mixture con-
taining the silylated 3-iodomethyl derivative is evapo-
rated to remove volatiles, for example, solvent, and 1s
then dissolved in acetonitrile. To the solution is added
tetrahydrofuran and the solution is stirred for a short
while. The treatment of the silylated 3-iodomethyl de-
rivative solution with tetrahydrofuran degrades any
excess TMSI. The degradation enhances the recovery
and purity of the final product.

The solution of the silylated 3-iodomethyl derwatwe
is then mixed with a solution of the substituted quinoline
in a suitable solvent such as acetonitrile. The reaction
occurs readily and most conveniently at room tempera-
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ture with stirring. After the reaction is complete, water
is added to the mixture to hydrolyze the silyl-blocking
groups, for example, the silyl ester formed with the Cq4
carboxylic acid function. Following the addition of the
water to the reaction mixture, the product commonly
precipitates and is separated by filtration, centrifuga-
tion, or other suitable means. The product is generally
crude at this stage of its preparation and can be purified
by high performance liquid chromatography by rev-
ersed-phase Cjg silica chromatography using a solvent
system of acetonitrile/acetic acid/water containing
approximately 2% acetic acid and between about 10%
and about 20% of acetonitrile. |

The compounds of the invention can be prepared
alternatively by acylation of a compound of the formula
1 wherein R is hydrogen, a 7-amino-3-(substituted
quinolinium-1-ylmethyl)-3-cephem-4-carboxylate. The
3’-quaternary ammonium substituted nucleus com-
pounds are prepared by reacting 7-aminocephalospo-
ranic acid or a silylated derivative thereof with a substi-
tuted quinoline. The substituted nucleus is then acylated
with an oximino-substituted derivative of the desired
amino-substituted heterocycllc acetic acid represented
by the formula '

R'—C——~COOH.

N\
O—R"

An active derivative of the oximino acetic acid is used
in the acylation. For example, the acid group is reacted
with hydroxybenzotriazole (HBT) and a carbodiimide
such as dicyclohexylcarbodiimide, and the HBT ester
used to acylate the 7-amino group of the nucleus. Other
active derivatives such as the acid azide, the anhydride
formed with methyl chloroformate or isobutyl chloro-
formate, can be used for acylation.

The compounds of the formula 1 wherein R 1s hydro- -
gen also can be prepared by the N-deacylation of a
7-acylamino-3-(substituted quinolintum-1-ylmethyl)-3-
cephem-4-carboxylate wherein the 7-acyl group is other
than R’ (formula 1). The 7-acyl group can be, for exam-
ple, phenoxyacetyl, phenylacetyl, or 2-thienylacetyl.
The N-deacylation is carried out by the well known
procedure for the deacylation of cephalosporins and
desacetoxycephalosporins in the preparation of 7-
aminocephalosporanic acid and 7-aminodesacetoxy-
cephalosporanic acid. According to the method, a 7-
acylaminocephalosporin is reacted with an imino ha-
lide-forming reagent, such as phosphorus pentachloride
or phosphorus trichloride in the presence of an acid-
binding agent, to form the imino chloride of the 7-amido
bond. The imino chloride is converted to the imino
ether with an alcohol or glycol and the imino ether
decomposes to the 7-amino nucleus compound.

In an example of the preparation of a 7-amino-3-(sub-
stituted quinolinium-1-ylmethyl)-3-cephem-4-carboxy-
late of this invention, 7-(2-thienylacetamido)cephalos-
phoranic acid is reacted with the substituted quinoline
to form the 7-(2-thienylacetamido)-3-(substituted
quinolinium-1-ylmethyl)-3-cephem-4-carboxylate. The
latter is then converted to the trimethylsilyl ester on
reaction in a halogenated hydrocarbon solvent such as
methylene chloride or trichloroethane with trimethyl-
chlorosilane in the presence of an amount of dimethyl-
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acetamide corresponding to a 4-5 molar excess. The-

solution of the silyl ester is cooled to a temperature of
about —30° C. to about 0° C. and an imino halide-form-
ing agent such as phosphorus pentachloride 1s added.

The reaction mixture is stirred in the cold for from 1 to

3 hours. | :

- The cold reaction mixture is then treated with an
alcohol such as a C;-C4 alkanol, benzyl alcohol or,
preferably, a glycol such as propylene glycol or 1,3-
butanediol. The temperature of the reaction mixture is
then raised to about — 5° C. to about 5° C. The product
precipitates, is filtered, washed with methylene chloride
and dried. o

During the N-deacylation any reactive substltuent
groups of the substituted quinolinium group (R and Ry)
are protected from reaction with the imino halide-form.-
ing reagent. For example, an amino group or carboxy

10

-continued

15

- 20
substituent is protected. Since the 7-amino nucleus com-

pound is used in the preparation of compounds of the
invention wherein R is an acyl group via the above-

described acylation, the protected substituent group is
preferably left intact to likewise protect the substituent

group during the subsequent N-acylation.

The compounds of the formula 1 wherein Ris formyl |

are useful intermediates for preparing the antibiotic
compounds of this invention. They can be used in a
method for preparing the 7-amino-3-(substituted
| qulnollmum I-ylmethyl)-3- cephem-4-carb0xylate

alternative to the side cham N-deacylatlon method de-
- scribed above.

According to this alternative method N-formyl 7-

ammocephalpsporamc acid (7-formamldocel:)halospo--

ranic acid) is converted to-the silylated 3-iodomethyl
derivative 7.-formam1do 3-iodomethyl-3-cephem-4-car-

boxylic acid: silyl ester by the method of Bonjoukllan |

described _.he-:remabove The 3-iodomethyl derivative is

~ nu-
cleus compounds (formula 1, R=H) which 1s a useful

25

Rsp.

‘The reaction i1s carried out in an aqueous solvent
system of water and a water miscible organic solvent
such as acetone, DMF, DMAC or other suitable solvent
at a temperature between about 20° C. and about 55° C.
A small amount of an alkali metal iodide such as sodium
iodide may be added to the reaction mixture to enhance
the reaction rate and yield of the reaction.

The - 7-[2-(heterocyclic)-2-oximinoacetamido]-3-
acetoxymethyl-3-cephem-4-carboxylic acids, repre-
sented by the above formula 2, which are used to pre-
pare the compounds of the invention are known or can
be prepared as described herein. Heymes, et al., U.S.
Pat. No. 4,152,432 describe the compound of formula 2
wherein R’ is 2-aminothiazol-4-yl and R" 1s lower alkyl;

the .compounds wherein R’ 1s 2-aminopyridin-6-yl, 2-

aminopyrimidin-3-yl, or 4-aminopyrimidin-2-yi, -are
described by U.S. Pat. No. 4,267,176; the compounds of
the formula 2 wherein R’ 1s 5-amino-1,2,4-thiadiazol-

 3-yl are described by European Patent Application No.

0,007,470; and the compounds of formula 2 wherein R’

~ is 3-aminopyrazol-5-yl or pyrazol-5-yl are prepared as

35

described by UK Patent Application No. 2,046,734A.
The compounds of the formula 2 are prepared by

 acylating 7-aminocephalosporanic acid as illustrated by

40

reacted with the substituted quinoline to obtain a com-

pound represented by the formula 1 wherein R is for-
myl. The N-formyl product is converted to the 7-amino
nucleus compound (formula I, R = H) by hydrolysis in
methanolic. hydrochloric acid. | |
~The compounds of the invention wherein R is an acyl
group can be prepared by another alternative procedure
comprising the displacement of the acetoxy group of
the desired 7-acylamino-3- acettjxymethyr cephalospo-
rin with the substituted quinoline. The reactlon is illus-
trated as follows. |

~ COOH

| substituted
| quinohne

45

30

B

the following reaction scheme.

o
R’—-ﬁ-—C-—OH +

N
N
. O—R”"

II
cng—o—c—-CH;——)vfnrmula 2

COOH

‘The acylation 1s preferably carried out with an active
“derivative of the oximino-substituted acid, for example

~ with an acid halide, acid azide, or an ester. Active esters

60

formed with ethy! chloroformate or isobuty] chlorofor-
mate, or with hydroxybenzotriazole (HBT) are suitable
in the acylation. The acylation can be carried out in an
aqueous or a non-aqueous medium. In a non-aqueous

‘medium an ester of 7-ACA is used in a solvent such as

~ a halogenated hydrocarbon eg., methylene chloride or

65

chloroform, or other suitable solvent such as acetoni-
trile or tetrahydrofuran. Alternatively, a suspension of

7-ACA in a suitable aprotic solvent can be converted to

a soluble silyl ester such as a trialkylsilyl ester and the
ester acylated under non-aqueous condition.
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Aqueous acylations can be carried out in water-misci-
ble organic solvents containing water, eg., acetone-
water, tetrahydrofuran-water, and the like. For exam-
ple, an acid halide of the acid moiety can be used to
acylate 7-ACA in the presence of a base such as sodium
carbonate, sodium bicarbonate, or a tertiary amine such
as triethylamine or pyridine.

The compounds of the formula 1 wherein R’ is a
pyrazol-3-yl or 3-aminopyrazol-5-y! group are prepared
by employing methods known in the art. The 2-
(pyrazol-3-yl)-2-oximinoacetic acid or the 2-(3-
aminopyrazol-5-yl)-2-oximinoacetic acid is prepared
and converted to an active derivative of the carboxylic
acid, for example, an active ester. The active ester is
coupled, via N-acylation, with 7-aminocephalosporanic
acid and the 7-[2-(pyrazol-5-yl)-2-oximinoacetamido]-3-
acetoxymethyl-3-cephem-4-carboxylic acid and 7-[2-(3-
aminopyrazol-5-yl)-2-oximinoacetamido]-3-acetox-
ymethyl-3-cephem-4-carboxylic acid are converted to
the corresponding 3-iodomethyl silylated derivatives as
described herein. The latter are reacted with the substi-
tuted quinoline to provide a compound of the invention.

The pyrazole and aminopyrazole oximino substituted
acetic acids are prepared by employing synthetic meth-
ods known in the art. For examp]e, the 2-(pyrazol-5- y1)-

2-alkoxyiminoacetic acid is prepared by heating in an
inert hydrocarbon solvent the acetyl oximino com-
pound of the formula A |

10

15

20

25

30

||
CH;—C"-C—"COOCQH'S

\
O

\ '
le

wherein R” is other than hydrogen as defined above,
with dimethylformamide dimethylacetal to form the
dimethylaminomethylene oximino ester of the formula

i
(CH3)»N=— CH——CH“C—ﬁ—'COOCQHs
\ |
O
\;
le

The latter is reacted with hydrazine hydrate to provide
the ethyl ester of 2-(pyrazol-5-yl)-2-alkoxyiminoacetic
acid. The ester is hydrolyzed to the free acid and the
acid converted to an active ester for acylation.

The 2-(3-aminopyrazol-5-yl)-2-alkoxyiminoacetic
acid is prepared by reacting the compound of the for-
mula A with carbon disuifide and two equivalents of
methyl 1odide to form the mtermedmte compound of
the formula B

i
(CH3—S— )QC-—CH"""C'—ﬁ“"COOCsz

\ ,
O

N\
Ri‘l‘

. 35

40
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12
Intermediate B is reacted with N-t-BOC hydrazine to
provide compound C, | .

- t-BOC—NH—N

CHi»S

and C is reacted with hydrazine hydrate to form 2-(3-t-

BOC- hydrazmopyrazol 5-yl)-2-oximinoacetic acid
ethyl ester D.
tBOC—NH—NH | D

ﬁ—' COOC;,Hs

\;. .
N OR”

Compound D is treated in the cold- with trifluoroacetic
acid to remove the t-BOC group and the 3-
hydrazinopyrazole ‘is nitrosated with nitrous (HNO»)
acid :in :the .cold to form 2-(3-azidopyrazol-5-yl)-2-
oximinoacetic acid ethyl ester. The azido group is re-
duced to the amino group by chemical reduction to
provide the 2-(3- ammOpyramI 3~ yl)oxrmmeaeetlc acid
ethyl ester. The ester is hydrolyzed under alkaline con-
ditions to the free acid. | |

The compounds of the invention represented by the
formula 1 have the normal stereochemistry of the
known cephalosporin antibiotics. The 7-position side
chain has the B-configuration (6R, 7R). The oximino
group of the side-chain can be in either the syn or anti.
form or as a- mixture of both forms. Both the syn and
ant1 forms of the compounds and the salts thereof pos-
sess broad spectrum antibacterial activity; however, the
qyn—form exhibits greater activity than the anti form and
1s the preferred form of the compounds of the invention.
The compounds of the invention are obtained in the syn
form by carrying out the acylation of 7-ACA or the
3'-substituted quinolinitm nucleus (formula 1, R is H)

‘with the syn form of the- 2-(aminoheterocyclic)-2-

oximinoacetic acid acylating moiety. For purposes of
the acylation, the amino group of the heterocyclic ring
in the 7-position side chain may be protected as de-
serlbed heremabove |

The compounds of the lnventlon by virtue of the
amino-substituted 5- or 6-membered heterocyclic ring
in the 7-position side chain, form acid addition salts.
Also, the compounds of the invention wherein R is a
carboxy-substituted alkyl or carboxy-substituted cyclo-
alkyl group form salts of the carboxylic acid group.
Such salts as the alkali metal salts, for example, the
sodium salt, potassium salt, and the like, are useful phar-
maceutically acceptable salts which can be used in for-
mulating the antibiotics for use in treating infections.
Acid addition salts formed with the amino group
bonded to the heterocyclic ring in the side chain are
formed with hydrochloric acid, hydrobromic acid, sul-
turic acid, or phosphoric acid. Such acid addition salts
are also useful pharmaceutically acceptable antibiotic
salts. It will be appreciated that an amino or carboxy
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substituent group of the substituted’ qumohmum group. |
in the 3’-position also. can be converted to-the salt form. -

4

. sterlle hermetlcally sealed ampoules In such forms thek o

Salts can be formed with strong; amds sueh as hydro--.}_ -

in the case of hydrochloric. acid.’ Generally, acids of

greater acidity than the Cq4 earboxyllc ac1d wrll form

such salts.

A pref‘erred group of substltuted quinolmlum antlbl-_.i-_ _ o
otics are represented by the formula 1 whereln EIthel‘ il;:'._'5?-'-';7;-:;"-1‘1]1msterlng 1n a dose {)f between 3b0ut 100 mg. to abgut' '_

- Ry or Ry is amino and the. other is hydrogen, Ci-Cs - ©2.0 g. of a compound of the formula 1, wherein R is an

alkyl, hﬂl@gﬁ‘m or C1-C4. ﬂlkOKY Of these compounds. “'-'.f-:acyl group, ora pharmaeeunoally acceptable non toxle._' .
the amino-substituted quinolinium compounds wherein. - TR R LR e

R’ is 2- am1noth1azo]—4-yl R" is C1-Csalkyl, and either-
"Ry or Ry is amino and the other is hydrogen are pre-

terred. Examples of these compounds are ‘syn-7-[2- (2';"5.{'.' ﬁ._-f-'_'.‘_-.-multlple doses during the day. When administered i.v. =

' the infusion. method is conveniently employed.. For'

"_"'?L,__'_fi-‘;'-;'{example a dosage unit’ formulation of the antibiotic is o
20 ‘mixed with a physiological flu1d such as. 5% dextrose
,.j-l?s:-"_f_‘-and admmlstered by infuston. . | |
3-cephem-4-carboxylate, .and syn-7-[2-(2-aminothiazol- = -

- 4-yl)- 2-methoxy1m1noaeetam1do] 3- (7-3m1ﬂ0CIUIf_1011H1"- lar dosage and the total number of doses administered

Lo will depend on ‘such factors as the nature of the infec-
‘Another- preferred group- of" antlblotlcs are repre-;__-

sented by the formula 1. wherein either Ry and Ry 1S tient; as well as the toleranee of the mdlwdual to thef.'---,'j"'.".., -

~ carbamoyland the other is hydrogen, C1=Csalkyl, halo- fﬂltlblmlc

L . The: follonrlng examples further 1l]ustrate the inven- : N
-"';-"l'-?.-.-:'.-'-:-;tlon The. abbreviations used in thé examples have the -

307 followmg meanings: HPLC is hlgh performanee llquld.-' -

aminothiazol-4-yl)- 2-methoxylmlnoacetamldo]-Ll -(5-
ammoqmnohnmm-l-ylmethyl) 3- cephem-4-earboxy— N
~ late,
ylmlnoacetamldo] 3-(3- ammoqulnohnmm-l—ylmethyl)

~um-1-ylmethyl)-3- cephem—4-oarboxylate

- gen, or C=Caalkoxy. The mono-earbamoyl-substltuted-_._-;
~ quinolinium compounds of this group are:preferred. . .
A further preferred group of compounds of the :in=-
vention are represerited by the formula 1 wherein elther’j T chromatography, NMR is nuclear magnetic Tesonance
of Ry and R are hydroxy, and the other is hydrogen, " spectrum, while the letters characterlzlng the signals in .
. the spectra have the followmg meanings: s is singlet, d - -

—is doublet, m is multiplet, q is quartet, and bs is broad
DMSOd6 is deuterated dimethylsulfoxide;

1S N-methyl—N-trlmethylsﬂyltrlﬂuoroaeeta-"'. -

hydroxy, Ci-C4 alkyl, C1-Cj alkoxy, or halogen

- The compounds of the formula 1 wherein R is an- acyl "
35
ceptable non-toxic salts thereof possess valuable broad =

group as defined herein and the pharmaceutically . ac-

_syn-7-[2-(2-aminothiazol-4-y1)-2- methox-r__:_

_ antibiotic may be in-amorphous or crystalline form and -

~may be mixed with a buffer, desiccant, or blending
chloric acid wherein the Cs4 carboxylate anion is’acidi-
fied to the carboxylle acid and the anion of the qumohn—-._ -
ium cation is the anion of the strong acid, e.g: chlorlde'-“-'

“agent. Such dosage unit formulations are suitable for -~
storage and sh1pment of the antibiotic and, as with other

- antibiotics, upon dissolution in the desired diluent in the

- vial or ampoule the solutlon is wrthdrawn by syrmge .

'_ _and injected.

10~

25 tjon, 1ts. severlty, the age and: general health of the pa-.

spectrum antibacterial propertles These oomp(,unds are'-_ 3
effective In mhlbltmg the growth of gram- negative

microorganisms pathogenic to man and animals such as’
pseudomonas, hemophilus, proteus, enterobacter, shi-:
gella, salmonella and other genera. They also inhibit the
growth of the gram-positive microorganisms such as

the staphylococci, including methicillin resistant staph- -

ylococci, and streptococci.

- The antibiotic compounds represented by the for-,__
mula |1 wherein R is an acyl group and the pharmaceuti-
cally acceptable non-toxic salts thereof can be formu-

lated into pharmaceutical eomposmons suitable for use

in the treatment of infectious diseases in man and' ani-
mals. According to a further aspect of this invention,

45

50

there are provided antibtotic formulations: comprising - -

an antibiotic compound of the formula 1 and a pharma-

ceutically acceptable carrier. Formulations for paren-{_ -'

teral administration comprise the antibiotic or a salt
2

thereof at a suitable concentration in a diluent such as
Water-For-Injection, 5% dextrose, 0.9% saline, Ring-

er’s solution, or other physiologically compatible dilu--

ent. The concentration in the diluent can vary depend-

ing upon the mode of parenteral administration. For

Intramuscular administration the concentration of the

antibiotic in general can be between about 0.1 g./ml. to
about 1 g./ml. For intravenous administration the anti-
biotic or a salt thereof is formulated in a physnologlcal

fluid, such as one of those described above, and the |
65

formulation administered by the i.v. drip method.

The antibiotics also can be formulated in dosage unit
form comprising between about 100 mg. and 2 g. of the
dry antibiotic in solhid form in sterile capped vials or

60

singlet;
- MSTFA-

This rnventlon also prowdes 4 method for treatlng-ﬂ: o
.-_-bacterlal infections in mammals ‘which comprises ad- -

ij.-',_.isalt thereof. -
15

‘The ant:brotle may be admlnlstered mtramuseularly,','

'subcutaneously, or intravenously in a single dose or in.

“In practicing the method of thlS mventlon the partlcu- |

- mide; TMSI is trlmethylsﬂyllodlde THF 1s tetrahydro---" -
| furan ST

- The NMR Speetra were run-on a Joel model No

'_'_Fx-no

" 'The followmg eompounds can be prepared by fol-

o lowmg the procedures and utilizing the reaction condi-
~ tions and reagents described herein. In the examples, R, ”
i ?-R” R’” R] and Rz refer to the formula l -

‘am-
ople o

‘No. R R" Ry R,

1 ZAT CH3 4NH;  H
2 CoHs H ~ 5-NH»
3 . "  —CH;COOH 3Gl 5-OH
4 " . —C(CH3)COOH 4CONH,  H ER
5 - C(CH3)>COOH 3-Cl 5-CONH; =
6  2-ATD CH; 4-OH H o
7 "  CH; 4-NHj, 6Cl
g CHj 3.Cl 5C1
9 i-C3H7 H 5-COOCH3 .
10 " ~—C(CH3CHCOOH 3-CN . H B
11 " =—=C(CH3);COOH 4-NH» H

12 2-APyr OH | 3-COCHy H :

13 " . CHa “4-NHj - 7-COOH
4 - " CHy - 4-OH . 6-CH3

15 & ---cnzcoon 3-CH; 5-CH3

16 " CHy 4-OH 7-OH

17  4-APyr OH H 8-OH -

18 “ . OH. 3.CyHs - 6-OH

19 " "CHj . 4CF3; H

20 "o —C(CH3)2COONa 4-CONH, 6-F

- 21 " =CONHCHy - H | 5-Cl

22 - 2-APy- OH - - H 8-OH

23 " QH.  4CH;0H  7-Cl
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ymethyl-3-cephem-4-carboxylic acid in 50 ml. of chlo-
roform were added 16.25 ml. of N-methyl-N-trimethyl-
silyltrifluoroacetamide and the mixture was stirred for 1
hour to obtain complete solution. The solution was

15
-continued
Ex-
armn-
ple -
No. R'!' R R R) 5
24 " . 3-CF3 H
I
C—COOH
10
25 CH; H 5-SO3H
26 —CH,COOH 4-(CH3;)N—  8-Cl
27 J-APz OH H . 8-CN
28 " CHj 3-Cl 3-OH
29 —C(CH3)»CONH)> H 7-COOH 15
30 —C(CH3),COOH 4-NH> 6-C>Hs
31 1-C4Hg 4-OH 6-SO2NH>
32 5-AIT OH 3-CI 9-OH
33 " CHj J-NH> 3-NH>
34 ! ~~CH;COOH 4-CH3; 8-CHO
35 ; CH3 4-CONH3 8-Cl 20
36 " CH3; 4-COCH; 6-Cl
37 Py CHj 4-OH H
38 " CHj H 5-NH;
39 B — CHCOOC;Hs5 4-OH H
40 . —C(CH3),COOH 4-OH 7-Cl
'2.AT = 2-aminothiazol-4-yl; 2-ATD is S-amino-1,2,4-thiadiazol-3- -yl; 2-APyr s 75
2- ammﬂpyrlmidm -5-yl; 4-APyr is 4-aminopyrimidin-2-yl; 2-APy is 2- ammr}pyndm
6-yl; 3-APy 18 J-aminopyrazol-4-yl; 3-AlT is 3-aminoisothiazol-5-yl; Py is pyrazol-
5-yl.
| EXAMPLE 41 10
syn-?-['2-(2-Amin0thiazole-4_—yl)-2-—meth0x-
yiminoacetamido]-3-(5-aminoquinolinium-1-ylmethyl)-
3-cephem-4-carboxylate
To a suspension of 11.8 g. of syn-7-[2-(2-amino-
thiazol-4-yl)-2-methoxyiminoacetamidol-3-acetox- 35

treated with 10 ml. of trimethylsilyliodide, stirred for 15 40

minutes, and then evaporated to dryness. The residue of
the silylated 3-iodomethyl derivative was dissolved in
50 ml. of acetonitrile and 2.12 ml. of tetrahydrofuran
were added to the solution.

One-thirteenth of the solution of the 3-iodomethyl 45

cephalosporin was added to a solution of 346 mg. of
S-aminoquinoline in 2 ml. of acetonitrile containing 853
ul. of N-methyl-N-trimethylsilyltrifluoroacetamide and
the mixture was stirred for 3 hours at room temperature.
After 235 pl. of water were added to the reaction mix-
ture the Title compound was filtered and dried. There
were obtained 1.28 g. of the crude product which
vielded 220 mg. of purified product after HPLC chro-
matography of the crude.

NMR (DMSOdg): signals at 9.55-9.28 (m, 3H), 7.9
(m, 3H), 7.32-6.92 (m, SH), 6.70 (s, 1H), 5.74 (bs, 2H),
5.60 (q, 1H), 4.99 (d, 1H), 3.77 (s, 3H), and 3.11 (g, 2H).

EXAMPLE 42

syn-7-[2-(2-Aminothiazol-4-yl)-2-methox-
yiminoacetamido]-3-(3-aminoquinolinium-1-ylmethyl)-
3-cephem-4-carboxylate

A suspension of 910 mg. of syn-7-[2-(2-aminothiazol-
4-yl)-2-methoxyiminoacetamido}-3-acetoxymethyl-3-
cephem-4-carboxylic acid in 4 ml. of chloroform was
treated with 1.25 ml. of N-methyl-N-trimethylsilyltri-
fluoroacetamide to form a solution of the abovenamed
trimethylsilyl derivative. With stirring 768 ul. of trime-

30
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thylsilyliodide were added by pipette and the reaction
mixture was stirred at room temperature for 15 min.
The reaction mixture was then evaporated to dryness,
the solid residue of the silylated 3-iodomethyl] deriva-
tive was dissolved in 4 ml. of acetonitrile and 163 ul. of
tetrahydrofuran and the solution was stirred for 5 min-

utes. To the solution was added a solution of 346 mg. of
3-aminoquinoline and 853 ul. of N-methyl-N-trimethyl-

sityltrifluoroacetamide in 2 ml. of acetonitrile and the
mixture was stirred for about 3 hours. After 235 ul. of
water were added to the mixture by pipette, the precipi-
tate containing the title compound was filtered and
dried. The purified product (100 mg.) was obtained by
chromatography of the precipitate by HPLC.

NMR (DMSOd6/D;0): signals at 9.16 (bs, 1H), 8.7
(m, 1H), 8.1 (m, 2H), 7.8 (m, 2H), 6.77 (s, 1H), 5.91 (bs,
2H), 5.69 (d, 1H), 5.05 (d, 1H), 3.84 (s, 3H), and 3.20 (q,
2H).

EXAMPLE 43

syn-7-[2-(2-Aminothiazol-4-yl)-2-methox-
yiminoacetamido]-3-(7-aminoquinolinium-1-ylmethyl)-
3-cephem-4-carboxylate

A suspension of 9.10 g. of syn-7-[2-(2-aminothiazol-4-
yl)-2-methoxyiminoacetamido]-3-acetoxymethyl-3-
cephem-4-carboxylic acid in 40 ml. of chloroform was
silylated by adding 12.5 ml. of N-methyl-N-trimethyl-
silyltrifluoroacetamide to the suspension and stirring for
1.5 hours. To the solution obtained were added 7.68 ml.
of trimethylsilyliodide and the mixture was stirred for
15 minutes. The reaction mixture was evaporated to
dryness and the solid residue of the silylated 3-
iodomethyl derivative was dissolved in 40 ml. of aceto-
nitrile and 1.40 ml. of tetrahydrofuran. The solution was
stirred for about 5 minutes.

A one-tenth aliquot of the solution of the silylated
3-iodomethyl derivative was added to a solution of 345
mg. of 7-aminoquinoline in 2 ml. of acetonitrile contain-
ing 853 ul. of N-methyl-N-trimethylsilyltrifluoroaceta-
mide and the mixture was stirred at room temperature
for 3 hours. After 235 ul. of water were added by pi-
pette, the impure title compound was separated by fil-
tration and dried. There were obtained 1.15 g. of the
product. The product was purified by HPLC and 106

- mg. of the purified product were obtained.

NMR (DMSOQd6/D;0): signals at 8.84 (d, 1H), 8.63
(d, 1H), 8.16-7.82 (m, 1H), 7.72-6.92 (m, 3H), 6.70 (s,
1H), 5.62 (d, 1H), 5.51 (bs, 2H), 4.97 (d, 1H), 3.77 (s,
3H), and 3.07 (q, 2H).

EXAMPLE 44

syn-7-[2-(2-Aminothiazol-4-yl)-2-methox-
yiminoacetamido]-3-(4-carbamoylquinolinium-1-ylme-
thyl)-3-cephem-4-carboxylate

By following the procedures and conditions de-
scribed by Example 41, 4-carbamoylquinoline 1s reacted
with syn-7-[2-(2-aminothiazol-4-y1)-2-methox-
yiminoacetamido]-3-iodomethyl-3-cephem-4-carboxy-
lic acid trimethylsilylated derivative to form the title
compound. |
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~ EXAMPLE45
__ | syn-?-[2-(2-Aminothiazol—4+yl)-2—me'thox- '.
yiminoacetamido]-3-(4-thiocarbamoylquinolinium-1-.
- ylmethyl)-3-cephem-4-carboxylate - 5

The title compound is prepared by reacting 4-thiocar-
bamoquuinoline with the silylated 3- iodomethyl deriv-
ative by following the procedures and by using the
solvents and conditions described by Example 43,

10
EXAMPLE 46 | -
syn-—7-[2-(2-AminothiaZol-4—yl)-?.—methox-
yiminoacetamido]-3-(5-trifluoromethylquinolinium-1-
ylmethyl)-3-cephem-4-carboxylate 15 |

syn-7-[2-(2-Aminothiazol-4-yl)-2-methox-
y1m1noacetam1do]-3-acetoxymethyl-B cephem-4-car-
‘boxylic acid is silylated and the silylated derivative
allowed to react with trimethylsilyliodide by following
~ the procedures and conditions described by the above
examples. The silylated 3-iodomethyl derivative is then

reacted with S-trlﬂuoromethquumolme providing the
title compound.

EXAMPLE 47

Syn-? [2-(2-Aminothiazol-4-y])-2- methox- | =
yiminoacetamido}-3-(5- -hydroxyquinolinium-1-ylme-
_ thyl)- ‘%-cephem-tl-carboxylate ) B
To a suspension of 910 mg (2 mmole) of syn-’? [2 (2-
aminothiazol-4-yl1)-2- methoxylmmoacetamldo] 3- 30

‘acetoxymethyl-3-cephem-4-carboxylic acid in 5 ml. of
methylene chloride were added 1.24 ml. (7 mmole) of
MSTFA, and the suspension was warmed to 40° C. until

a comple'te solution was obtained. The solution was
cooled to room temperature and 0.77 ml. (5 4 mmole) of 35
TMSI were added. The reaction mixture was stirred for

_one hour under nitrogen and was then evaporated. The . |

silylated 3-iodomethyl derivative, obtained as an oil,
was dissolved in 10 ml. of acetonitrile and 0.16 ml. (2
mmole) of THF were added to the solution by pipette. 40
After a solution was stirred at room temperature for
about ‘15 minutes, a solution of 348 mg. (2.4 mmole) of
5-hydroxyquinoline ‘in 10 ml. of acetonitrile (obtained
silylating -a suspension of the quinoline in acetonitrile

with MSTFA) was added. The reaction mixture was 45 |

stirred at room temperature under nitrogen for 3.5
hours, was diluted with diethyl ether and four drops of
water. The heavy brown precipitate was stirred for 15
minutes sonnicated, filtered, washed with diethyl ether

and dried under vacuum at 40° C. for one hour The 50 |

crude product weighed 1.11 g. )

The product was purified on Cig sﬂlca reverse phase |
HPL.C using 5% acetonitrile-2% acetic acid-93% water
(percent by volume). The purification gave 50 mg. of
the product as an orange solid.

NMR (DMSO): signals at 9. 4 (m 3H) 8.0 (m, 2H)
7.25 (m, 4H), 6.7 (s, 1H), 5.9 (s, 2H), 5.7 (g, 1H), 5.1 (d,
1H), 3.75 (s, 3H), and 3.2 (d, 2H)6.

EXAMPLE 48

syn-7-{2-(2- Aminothiazol- 4-yl)- 2 methox-
yiminoacetamido]-3-(6-hydroxyquinolinium- _l-ylme-
thyl)-3-cephem-4- carboxylate | |

55

. 60

By followmg the procedureq and using the reagents |
solvents and reaction conditions described by Example 65
43, 910 mg. of syn-7-[2-(2-aminothiazol-4-yl)-2-methox-
yiminoacetamido}-3-acetoxymethyl-3-cephem-4-car-
boxylate was converted to the silylated 3-iodomethyl

4,396,620

18

derivative and the latter reacted with 348 mg. of 6-

hydronyuinOline' The product was purified C,g silica

‘reverse phase HPLC using 10% acetonitrile-2% acetic

‘acid-88% water which prowded 289 mg. of the product
‘as a yellow solid.

| NMR (DMSOdg): signals at 9.6 (d, lH) 9.4 (d, 1H),
9.0 (t, 2H), 8.0 (m, 3H), 7.6 (s, 1H), 6.7 (s, 1H), 6.0 (s,
2H), 5.7 (q, IH) 5 05 (d, 1H), 3.75 (s, 3H), and 3.3 (q,
2H)6. |

UV: ?\mx 252 nm (e--24 884).

Titration: pKg 3. 6 7.3, and 9.0.

EXAMPLE 49

syn-7-[2-(2-Aminothiazol-4-y1)-2-methox-
yiminoacetamido}-3-(7-hydroxyquinolinium-1-ylme-
thyl)-3- Cf.:phem -4- carboxylate

By employlng the procedures, reagents solvents, and

° reaction conditions described by Example 43, 910 mg.
20
~lated 3-iodomethyl derivative and the latter reacted

of the same starting material was converted to the sily-

with 348 mg. of 7-hydr0xyqu1nolme The produc:t was
purified by Cis silica reverse phase HPLC using 10%
acetonitrile-2% acetic acid-88% water which gave 232
mg. of the product as a yellow solid.

~ NMR (DMSOdg): signals at 9.6 (d, 1H), 9.15 (d, 1H),
8.95 (d, 1H), 8.2 (d, 1H), 7.8 (s, 2H), 7.4 (d, 1H), 7.2 (s,

2H), 6.7 (s, 1H), 5.6.(m, 3H), 5.05 (d, 1H), 3.8 (s, 3H),

and 3.35 (g, 2H)3.

UV: Amgx 254 nm (e=20,377).

Titration: pKa 3. 9 6. 35 and 7.35.
I claim:

1 A compound of the formula

COO~

wheréiﬁ R is formyl, or an acyl group of the formula

9

I
R'~=C~—C—

AN
0_ RH‘

'.whefein R' -'is‘a 5- or 6-membered heterocyclic ring of
the formulas

\f’_\lL LL

H2N

\’_iu_jf \QJ

I
H



4,396,620
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-continued

H,N N

boxy substituted cycloalky] group of the formula

a

| |
-~ C—(CH>),—COR""

|
b

wherein n is 0-3, a and b Wheh t'aken separatcly are
independently hydrogen or C-C;3 alkyl, or when taken
together with the carbon to which they are attached

form a C3-C7 carbocychc ring; R”" 18 hydroxy, C1-—C4_

R" is C1-Cq4 alkyl a carboxy-substituted alkyl, or car-'_ |
10

d

15

20

alkoxy, amino, and when R'” is hydroxy a carboxy-

- protecting group; Riand R; independently are hydro-

gen, amino, C1-Cy4 alkylamino, di-(C1-Caalkyl)amino,

or hydroxy; provided that one of Rj or R is other than

hydrogen; and the pharmaceutlcally acceptable, non—_

toxic salts thereof.

2. The compound of claim 1 wherem R is an acyl-

30

group of the formula

3. The compound of claim 2 wherein R"1s a carboxy-
substituted alkyl or cycloalkyl group of the formula

a

I .
- (I:_(CHZ)”“_ COOR”'.
b

4. The compound of claim 2 wherein R"” is C(-Cy4
alkyl.

-3

23

35
40
45

50

60

65
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5. The compound of claim 4 wherein either Rj or R;
IS amino.

6. The compound of claim 5, said compound bemg
syn-7-{2-(2-amincthiazol-4-y1)-2-methox-
yiminoacetamido]-3-(5-aminoquinolinium-1-ylmethyl)-
3-cephem-4-carboxylate. |

7. The compound of claim 5, sald compound being
syn -7-[2- (2-am1noth1&zol-4-y]) 2-methox-
yiminoacetamido]-3-(3-aminoquinolinium- 1-ylmethyl)-
3-cephem-4-carboxylate. -

8. The compound of claim 5, said compound being
syn-7-[2-(2-aminoquinolinium-1-ylmethyl)-2-methox-
yiminoacetamido}-3-(7-aminoquinolinium- 1-yl-methyl)-
J-cephem-4-carboxylate.

9. The compound of claim 4 wherein either R1 or R2
is hydroxy. | |

10. The compound of claim 9, said compound belng
syn-7-[2- (2 aminothiazol-4-y1)-2-methox-
yiminoacetamido]-3-(5- hydroxyqumolmmm-l—ylme-—
thyl)-3-cephem- -4-carboxylate. | |

11. The compound of claim 9, said compound belng |
syn-7-[2-(2-aminothiazol-4-y1)-2-methox- |
yiminoacetamido]-3-(6-hydroxyquinolinium-1-ylme-
thyl)-3-cephem-4-carboxylate.

12. The compound of claim 9, said compound being
syn-7-[2-(2-aminothiazol-4-yl)-2-methox-
yiminoacetamido]-3- (7-hydroxyqumolm1um-l-ylme— |
thyl)-3-cephem-4-carboxylate. |

13.. The compound of claim'1 wherein R is formyl.

14. A pharmaceutical formulation comprising-a thera-
peutically effective amount of an antibiotic compound

of claim 2 or a pharmaccmically acceptable non-toxic

salt thereof wherein R is acyl and a pharmaceutlcally'
acceptable diluent. | - ~ -

15. The formulation of claim 14 whcrem either R1 or
R is amino. | | -

16. The formulation of clalm 14 wherein clthcr R1 or
R 1s ‘hydroxy. | |

17. A method for treating bacterial 'infections in a
mammal which comprises administering in a dose of
between about 100 mg. to about 2 g. of an antibiotic
compound of claim 2 or a pharmaceutlcally acceptable
salt thereof.

- 18. The method of claim 17 where in the compound
admmlstcred either R; or R» 1s amino. |

19. The method of claim 17 where in the compound

admmlstered either Rj or Ra 1s hydroxy
| ¥ X * ¥ - %
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